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In “Part I” of this article, a description was given of a Ka-band test package
developed to enable testing of the new DSS 13 34-m beam-waveguide (BWG) an-

tenna at 32 GHz.

Test results were given for the Ka-band test package in an

“on-the-ground” test configuration. This article, “Part II,” is a companion article
concerned with Ka-band test results for the test package in an “on-the-antenna”
test configuration. Included are Ka-band zenith noise-temperature values, tipping-
curve data, and subreflector test results obtained at the Cassegrain focal point F1,
as well as at the final BWG focal point F3 (located in a subterranean pedestal
room). Test results show that, through the use of the Ka-band test package, the
BWG antenna performance was successfully evaluated at Ka-band. The Ka-band
test package operated well in all of the different antenna test configurations.

l. Introduction

As described in [1], a new 34-m beam-waveguide
(BWQG) antenna has been built at Deep Space Station 13 in
the Deep Space Communications Complex at Goldstone,
near Barstow, California. This new antenna is the first
of the NASA tracking antennas to use a BWG design.
A recent photograph of the newly constructed antenna is
shown in Fig. 1. Figure 2 shows the various focal points
(F1, F2, and F3) of the center-pass mode of this new
BWG antenna. The experimental test program includes
testing the new antenna at X-band (8.45 GHz), Ku-band
(12 GHz), and Ka-band (32 GHz).

As described in previous reports {1,2], a unique meth-
odology was used to test the new antenna at the different
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frequency bands. The methodology involved the use of
portable test packages that could be transported to the
various focal points (see Fig. 2). Measurements of operat-
ing noise temperatures and antenna efficiencies were made
as functions of antenna elevation and azimuth angles at
the different focal points of the BWG antenna. Compar-
isons of data measured at the different focal points enabled
determinations of the performance degradations caused by
various mirrors in the BWG system.

Previous reports [1,2] gave results of X-band test pack-
age measurements in “on-the-ground” and “on-the-
antenna” test configurations. The results of Ka-band test
package measurements in an on-the-ground test configu-
ration were presented in a companion article, “Part I,” in
this issue [3].



This present article, “Part I1,” is the fourth of a series of
reports on the results of measurements obtained through
the use of portable microwave test packages to evaluate
the performance of the new BWG antenna. Presented in
this article are Ka-band zenith operating noise tempera-
tures measured at focal points F1, F2, and F3, as well as
Ka-band tipping curve and subreflector test data. Beam-
waveguide antenna efficiencies measured with the X- and
Ka-band test packages at F1 and F3 are presented in an-
other article in this issue [4]. Another related article in
this issue is concerned with the BWG antenna-pointing
data obtained with the X- and Ka-band test packages [5].

II. Installations

Figure 3 shows the Ka-band 29-dBi horn test package
installed on the antenna at the Casssegrain focal point F1.
The structure shown supporting the Ka-band test package
1s a universal F1 mounting assembly that allows any of the
three 29-dBi horn configuration test packages (X- ,Ku-, or
Ka-band) to be interchanged and installed.

After completing measurements of noise temperature
and antenna efficiencies at F1, the Ka-band test package
was removed and then reconfigured to a 23-dBi horn con-
figuration and installed at F3 (Fig. 4). The mounting ta-
ble shown is a universal F3 mounting assembly that can
support any of the test packages (X-, Ku-, or Ka-band)
and provides three-axis adjustment of the test package lo-
cation. Adjustments of +3 in. can be made along three
orthogonal axes (i.e., the vertical direction, the radial di-
rection towards and away from the BWG hub center, and
the other transverse direction).

Ill. Test Results

A. Zenith Operating Noise-Temperature
Measurements

Figure 5 shows plots of gain factor, linearity, and oper-
ating noise temperatures when the 29-dBi horn test pack-
age was mounted at F1. Figure 5(a) shows that over the
16-hour test period, the gain factor varied from 0.999 to
0.993, corresponding to a peak-to-peak gain change of only
0.03 dB. Figure 5(b) shows that during this same test pe-
riod, the change in operating noise temperature was ap-
proximately 0.6 K peak-to-peak.

Figure 6 shows typical plots obtained when the test
package was mounted at F3. Over a 14-hour period, the
gain factor varied from 0.995 to 1.005, corresponding to a
peak-to-peak gain change of about 0.04 dB. The change
In operating noise temperature was approximately 0.8 K
peak-to-peak.

It was fortuitous that Ka-band tests were done during
winter months when the weather was cold and the humid-
ity low. As may be seen in Figs. 5(b) and 6(b), the operat-
ing noise temperatures were reasonably constant for tests
at both F1 and F3. It should be pointed out that in these
plots, the ambient-load physical temperatures are corre-
lated with the outside air temperatures at F1 (an outdoor
environment), but uncorrelated when the test package is at
F3 (an indoor environment). At Ka-band, operating noise-
temperature values are very sensitive not only to outside
air temperature and relative humidity, but also to vari-
able cloud cover, atmospheric inversion layers, and uneven
heating of the atmosphere.

For the operating noise-temperature values shown in
Figs. 5(b) and 6(b), corrections were made for gain
changes, but not for nonlinearity, which was typically less
than 1 percent. Since the uncertainty of the linearity cor-
rections are themselves about +1 percent, the small lin-
earity corrections, if made, would not significantly enhance
the quality of the operating noise-temperature data shown
on these particular plots.

A summary of results of Ka-band zenith operating noise
temperatures for the ground and F1, F2, and F3 locations
is given in Table 1. The value shown in the table for each
test configuration is the grand average of the average op-
erating noise temperatures determined for the individual
observing periods. The total span of time over which ob-
servations were made is about four months. Each grand
average value shown in Table 1 is estimated to have an
uncertainty of 1.5 K {one standard deviation).

Zenith operating noise temperatures for the F2 focal
point were extrapolated from antenna tipping-curve tests
and from a star track. Therefore, the confidence level of
the data at F2 is not as high as at the other focal point
locations where more data were obtained. Tests were done
at F2 for diagnostic purposes to investigate a “hysteresis-
like” characteristic on antenna efficiency measurements.
The value obtained at F2 is included in Table 1 to enable
interesting comparisons with values obtained at other focal
points.

One of the primary goals of the experiment was to de-
termine the amount of BWG antenna degradations caused
by the mirror system. The methodology proposed to de-
termine the degradations was to take the difference of val-
ues obtained at the various focal points. Table 2 shows
differential noise temperatures for the various configura-
tions. The “F1 - ground” configuration data have a value
of 7.1 K due primarily to scattering from the subreflec-
tor and tripod, leakage through the main reflector surface,
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and spillover from the main reflector. Another cause of
noise temperature increase at F1 is a temporary perforated
plate having 3/8-in.-diameter holes was used to cover the
bypass shroud opening (Fig. 3) on the main reflector sur-
face. Even though this plate is reflective at X-band, it
begins to approach transparency at Ka-band frequencies.
The ground noise contributions due to leakage through this
perforated plate are, therefore, greater at 32 GHz than at
8.45 GHz. The amount of noise contribution might be es-
timated from information provided in [2] for the shroud
opening (when uncovered) at 8.45 GHz. More noise might
also have been contributed by numerous pieces of masking
tape (Fig. 3) covering panel-adjustment bolt holes on the
main reflector surface. The numerous pieces of masking
tape, used to post panel-adjust information, were not re-
moved after completing holography measurements at F1.
Although the masking tape pieces might not have affected
holography or X-band measurements, they might have in-
creased reflector surface noise temperature contributions
at Ka-band.

Comparisons of the “F3 - F1” values before and after
mirror realignments show that realignment of the mirrors
resulted in a lowering of the operating noise temperature
by 3.8 K. The final “F3 ~ F1” value of 6.8 K provides a
realistic measure of the degradation caused by six mirrors
(including the ellipsoid) of the BWG system.

Table 3 is a worksheet showing how the final values
summarized in Table 1 were derived. Shown are the obser-
vation periods, the measured operating noise-temperature
values, weather information, and normalized values after
corrections were made for weather and waveguide physical
temperatures. In Table 3, the normalized T, was com-
puted from

T! 1 1
T "= T + ch ( _ )
" o ng Latm,s Latm

1
+L_(Tatm,a "Tatm)+(ng,s _ng) (1)
wg

where Ty, Totm, Ty, and Ly, are, respectively, the av-
erage measured T,,, computed Tyipm, Tyy, and Lgep, val-
ues given in Table 4, and where other noise-temperature
symbols are defined in Table 1 of “Part I” [3]. The
Ka-band (32.0 GHz) values used in Eq. (1) were T}, =
2.0 K 3], Tatm,s = 7.02 K (for a Goldstone average
clear atmosphere!), Laym,s = 1.02683 (corresponding to

! Deep Space Network/Flight Project Interface Design Handbook,
Document 810-5, Rev. D, vol. I, sec. TCI-30 (internal document),
Jet Propulsion Laboratory, Pasadena, California, June 1, 1990.
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0.1150 dB), L,y = 1.06414 (corresponding to 0.27 dB),
Twg,s = 17.67 K for the above L,,,, and a standard physi-
cal waveguide temperature of 20 deg C.

At Ka-band and higher microwave frequencies, weather
changes can cause significant variations in the atmospheric
noise contributions to the operating noise temperatures.
In “Part I” [3], curves were presented showing that at Ka-
band, typical weather conditions at DSS 13 during the year
can cause the atmospheric noise temperatures to vary from
4.5 to 31.2 K, which represents a peak-to-peak variation of
about 27 K. As may be seen in Table 3, the applications
of weather corrections enabled significant improvements to
be made in the comparisons of operating noise tempera-
tures for the different test configurations—even when the
measurements were performed on different days or months
of different test configurations.

B. Cassegrain and BWG Antenna Loss Factors

It is of interest to determine equivalent loss factors for
the BWG system. Stelzried and Otoshi [6] have shown that
loss factors of very low-loss antenna waveguide components
can sometimes be determined from radiometric methods
when it is not possible to use conventional insertion-loss
measurement techniques.

The derivations of the equations for BWG-antenna loss
factors are straightforward, but lengthy, and will not be
presented here. However, the basic equations needed to de-
rive the loss factor equations will be presented. Let Lp; be
defined as the loss factor associated with dissipative losses
at the Cassegrain reflector surface, Lp, the loss factor of
the BWG section between F1 and F2, and Lps the loss
factor of the BWG section between F1 and F3. The fol-
lowing basic equations apply for the measurements made
with the test packages:

’

T,ky = T cb + Tatm (2)
atm
711;7 = ng + Themt + Tfu (3)
T.
Topg = Ls_ky' + Ty (4)
wyg
1
Tywgr1 = (1- L_FT Tp (5)
1
Towg P2 = (1 - I) Ty (6)
2



1
Thwg F3 = <1 - L—> Ty (7)

F3
T, = 20 + 273.16 = 293.16 K (8)
T T,
Top,F'l — sky + bwg,F'1 +Ttp (9)

LFleg ng

Tk Towg,F1 | Thwg,F2
Ty po = Y Lo 4 292 1Ty (10
PE T T riLrsluy  Lralug  Lug w (10)
Tsk wa Fi wa F3
To - Y g, g, T 11
rF3 LFILFSng LF3ng + ng + ® ( )

Substitutions of Egs. (2) through (8) into Egs. (9)
through (11) and algebraic manipulations lead to the loss
factor expressions of

1
Lpy = 12
F1 L [ng(ATop)lg] ( )
Tp — Tsiy
Lr; = ! (13)
Fi= 1— [LFleg(ATap)jl]
Tp = Tory
where j = 2 or 3. The expressions for the differential
operating noise temperatures are
(ATop)1g = Top,F1 — Top g (14)
(ATop)o1 = Top ra — Top,F1 (15)
(ATop)Sl = Top,FS - Top,Fl (16)

The above loss factor equations are functions of ele-
vation angle, but measured T,, values are generally only
available for the zenith test configuration. The following
example is given for a zenith test configuration. Substitu-
tions of Table 2 and Eq. (1) values into the above equa-
tions result in Lg; = 1.02732 (Cassegrain reflector asso-
ciated dissipative losses), Lpy = 1.0204 (for BWG dis-
sipative losses between F1 and F2), Lpz = 1.04251 (for
BWG dissipative losses between F1 and F3, for F3 be-
fore mirror realignment), and Lrpz = 1.02686 (for BWG
dissipative losses between F1 and F3, for F3 after mirror
realignment). As will be demonstrated in the following

section, the above loss factors are useful for extracting the
atmospheric noise temperatures from tipping-curve data
obtained at the various BWG focal points.

C. Tipping Curves

Tipping-curve tests were performed at F1, F2, and F3
at various azimuth angles for the test package. A few of
the tipping curves are shown in Fig. 7. Most of the tipping-
curve data at 32 GHz were obtained at an azimuth angle
of 50 deg, because, at this azimuth, the ground is at a
very low (1-deg) elevation angle. For most large antennas
in the DSN, it has not been possible to accurately extract
atmospheric noise temperatures from tipping-curve data.
However, it was reported in [2] that it was possible to ex-
tract X-band atmospheric values from tipping curves that
agreed with theoretical values to 0.2 K. A plausible ex-
planation for this good agreement is the low scattering
cross-sections of the newly designed slim tripod legs on
this new BWG antenna.

For a flat-Earth model, the equation for extracting the
zenith atmospheric noise temperature from tipping-curve
data is derived as

Tatm: = Lant

Top(wel ) — Top (90)
1

)
Latmz

(17)

+ T, (1 -

Si“(’l’ex)

where

Yot = the elevation angle, deg

Top(ter) = the operating system temperature measured
at ‘!/)eg, K

Top(90) = the operating system temperature measured
at 1 = 90 deg or at zenith, K

Laym, = the loss factor for the zenith atmosphere. An
estimate of this value can be made by using
the loss factor for a standard atmosphere, or
a better estimate can be obtained by using
the SDSATM7M.BAS program?

1
Tc b

It

the effective contribution to T,, from the cos-
mic background, K

Lant = the loss factor from the Cassegrain antenna
aperture to the input to the HEMT, K

2 Courtesy of S. Slobin of the Jet Propulsion Laboratory, Pasadena,
California. SDSATM7M.BAS is a modified version of SDSATMA4.

BAS, but gives the same answers.
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The above equation should not be used for . values
close to 90 deg or less than 10 deg. In practice, it has
been found that Eq. (17) is most accurate when used with
tipping-curve data in the region of a 30-deg elevation angle.
For the special case of ¢.; = 30 deg, Eq. (17) becomes

y 1
Taimz = Lan:[Top(?)o)_Top(go)]+ch <1 - L ] ) (18)

At 32.0 GHz and under clear Goldstone Ka-band atmo-
sphere conditions, the last term contributes only 0.05 K.
For this BWG antenna, values of L,,; were calculated
from values of Lpy, Lps, Lrs, and Ly, given previously
in Egs. (12) and (13) and the following equations:

For F1: Lont = LriLuyg (19)
For F2: Lant = LFILFZng (20)
For F3 : Laont = Lr1Lpsluyg (21)

Substitution of values already presented in this article
into Egs. (19) through (21) gives: for F1, Ly = 1.09322
(corresponding to 0.387 dB); for F2, L,n: = 1.1155 (corre-
sponding to 0.475 dB); for F3 before mirror realignment,
Lyn: = 1.1397 (corresponding to 0.568 dB); and for F3
after mirror realignment, L,,, = 1.1226 (corresponding to
0.502 dB).

The reader is reminded that the L,,; values for the
various focal points all contain the Cassegrain reflector
loss factor Lpy = 1.02732 (corresponding to 0.117 dB) and
L,y = 1.06414 (corresponding to 0.27 dB). For the above
values of L,n;, it was assumed that the antenna associated
loss factors do not change significantly between zenith and
30-deg elevation angles, and therefore, the values for these
loss factors could be derived from zenith conditions. For
more accuracy, the dependence of these loss factors on
elevation angle might have to be considered.

Table 4 is a worksheet showing the methodology used
to extract atmospheric noise contributions from operating
noise temperatures measured at zenith and 30-deg eleva-
tion angles at the various BWG focal points. Also shown
1s a comparison of the measured Ty, as obtained through
the use of Eq. (18) with the computed T,;,, as obtained
through the SDSATM7M.BAS program, which is based
on the weather data shown. Analysis of the results in
Table 4 will show that the measured atmospheric values
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at 32 GHz are higher that the computed values by 2.4 +
0.5/-0.7 K.

For interest, the more rigorous method given by
Egs. (12), (13), (19), (20), and (21) was also used to ex-
tract X-band atmospheric noise temperatures from tipping
curve data reported in [2]. It was found that the agree-
ment between measured values and computed values at
8.45 GHz is now +0.1/-0.3 K, instead of the £0.2 K devi-
ations reported previously [2].

The tipping-curve results at X- and Ka-band indicate
that either: (1) The theoretical weather model at Ka-band
is not as good as at X-band for predicting atmospheric con-
tributions from weather data, or (2) the tipping-curve data
at Ka-band is corrupted more than at X-band by elevation-
angle-dependent noise contributions from tripod leg scat-
tering, subreflector spillover, main reflector spillover, and
leakage through the antenna panels.

D. Subreflector Tests

Figure 8 shows a Ka-band subreflector defocus curve
measured at F1 at an average elevation angle of 45 deg.
To obtain this curve, the antenna tracked radio source
3C274, which had a source noise temperature of about
2.2 K at 32 GHz. Measurements of operating noise tem-
peratures were made as functions of subreflector defocus
positions. The Ka-band antenna-pointing model computer
program was relied upon to keep the peak of the antenna
beam pointed at the radio source. At the time the F1
subreflector curve measurements were made, a good ex-
perimental procedure had not yet been developed and,
therefore, the experimental data are not very good for the
sidelobe regions or for the main beam below —~10 dB. How-
ever, it can be seen that over most of the main beam of
the subreflector defocus curve, good agreement is obtained
between a theoretical model and the experimental curve.
The theoretical curve i1s based on a Geometric-Theory-of-
Diffraction/Jacobi-Bessel antenna program.3

Figure 9 shows subreflector data measured at F3 for
an average elevation angle of 45 deg. To obtain this curve,
the antenna tracked radio source 3C84, which had a source
noise temperature of about 4 K at 32 GHz at the time of
these tests. To obtain data for this experimental curve, an
improved test procedure was developed and implemented.
Boresight measurements were performed more often (at
least twice) during the subreflector test, which took about

3 P. Cramer, “Calculated DSS-13 Subreflector Z-Axis Focus Curves,
Feed at F1,” Interoffice Memorandum 3328-90-0355 (internal doc-
ument), Jet Propulsion Laboratory, Pasadena, California, Septem-
ber 20, 1990.



two hours to perform. Sufficient numbers of off-source and
on-source measurements were taken to allow for correc-
tions of measurement system drifts. Also shown in Fig. 9
is a theoretical defocus curve for 32 GHz and a 45-deg rig-
ging angle. It can be seen in Fig. 10 that good agreement
was obtained between Cramer predictions and the exper-
imental data down to about —15 dB for the main beam.
Good agreement was also obtained for some regions of the
sidelobe patterns.

It should be pointed out that even though Cramer’s
predictions were made for F1 and the experimental results
in Fig. 9 are for F3, there is reasonably good agreement
between theory and experiment. For a properly designed
and aligned BWG mirror system, the subreflector defocus
gain curves at F3 should be nearly identical to those at F1.
Therefore, a Z-defocus subreflector test at F3 provides a
good method for verifying the integrity of the BWG sys-
tem.

A Z-defocus subreflector test is also useful for reveal-
ing whether multipath signals exist within a large antenna
system [7,8]. Scrutiny of the subreflector defocus data near
the peak of the main beam (Fig. 10) indicates no unusual
humps. The absence of humps and ripples on the main-
beam defocus curve shown in Fig. 10 indicates that the
magnitudes of any multipath signals within the BWG sys-
tem are small (for a 100-MHz bandwidth measurement).

To obtain accurate subreflector defocus data below the
20-dB level (Fig. 9) while tracking a 4 K source, the ra-
diometer needs to provide resolutions and accuracies of
better than 0.04 K. In addition, the Ka-band antenna-
pointing model should be good enough to allow blind

pointing and remain on the peak of the source to within
42 mdeg.

E. Overall Performance

The overall performance characteristics of the Ka-band
test package are summarized in Table 5. The performance
data are based on observed test data in a worst-case field
environment, as well as on error analyses equations given
in the Appendix to “Part I” [3] and also [9]. Examination
of Table 5 reveals that the Ka-band test package perfor-
mance was good in terms of resolution, gain stability, and
linearity.

The test package was subjected not only to mechanical
stresses during radio source tracking at various elevation
angles at F1, but also to ambient temperatures ranging
from 0 to 40 deg C and transportation to and from the
ground locations F1, F2, and F3 several times. Test data
in Table 1 showed that the long-term stability and repeata-
bility of data for the various test configurations were very
good.

IV. Concluding Remarks

The objective of determining the amount of degrada-
tions due to the BWG mirrors has been met. The Ka-
band test package operated well in all of the different
test configurations. Zenith operating noise temperatures,
tipping-curve data, and subreflector defocus curves were
successfully obtained at F1 and F3. As reported else-
where, the Ka-band test package also enabled high-quality
and reliable data to be obtained for antenna efficiency and
antenna-pointing tests.
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Table 1. Summary of Ka-band zenith operating nolse temperatures at DSS 13
from October 12, 1990, through January 31, 1991

Grand Peak
Observation Average® Deviations
Config. Dates Top, From Grand Avg.,
K K

Ground 10/12/90, 11/09/90, 84.7° +16
01/19/91, 01/31/91 -1.7
F1 10/13/90, 10/14/90, 91.8 +0.4
01/11/91 -0.6
F2 01/16/91, 01/17/91 97.0¢ +04
-04
F3 11/10/90, 12/18/90 102.4 +0.1
-0.0

After mirrors and ellipsoid realigned on December 18, 1990

F3 01/23/91, 01/25/91, 98.64 +0.8
01/30/91 -07

*Normalized Top values were computed through the use of Eq. (1).

Y Ground values were reported in “Part I [3]. The measured ground value of

84.7 K agrees closely with the predicted value of 84.5 K under standard condi-
tions.

¢No calibrations longer than 10 min were done at F2 with the antenna left at
zenith.,

4 This number cannot be compared with the above F2 value. It is probable that
the new F2 value is also lower after the mirror realignment, but a measurement
was not made.

Table 2. Differential zenith operating noise temperatures for
various test configurations at 32 GHz

Cor}ﬁguramons ATop, K
Differenced

F1 — Ground 7.1

F2 - F1 5.2

F3 - F1 10.6

After mirrors and ellipsoid realigned
on December 18, 1990

F3 — F1 6.8

Notes: See Table 1 for F1, F2, and F3 values.

Do not compare the values for F3 — F1 after De-
cember 18, 1990, with the value for F2 — F1, be-
cause the value at F2 might have become lower,
but was not remeasured.
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Table 3. Ka-band (32 GHz) measured zenith operating noise temperatures corrected for weather and waveguide noise changes

. . .
Observation Average Average Computed Computed Physical Twg, Normalized
Config. Period Measured Weather Tatm, Latm, WG Temp., K Top,
eno Top, K During Obsrv. K ratio deg C K
10/13/90 92.1b 894.1 mb 6.83 1.0256 22.8 17.85 92.1
F1 DOY 286 22.8 °C (0.1097 dB)
0046-0122 UT 12.09% RH
10/14/90 92.0 892.0 mb 7.62 1.0286 23.6 17.89 91.2
F1 DOY 287 19.9 °C (0.1225 dB)
0700-0800 UT 19.0% RH
01/11/91 93.9 901.7 mb 9.56 1.0368 8.6 16.99 92.2
F1 DOY o011 5.2 °C (0.1570 dB)
0006-0900 UT 72.8% RH
01/16/91 97.45°¢ 893.8 mb 7.98 1.0304 19.7 17.66 96.6
F2 DOY 016 11.6 °C (0.1299 dB)
0330 UT 34.4% RH
01/17/91 97.53d 902.9 mb 7.21 1.0274 18.4 17.58 97.4
F2 DOY 017 10.0 °C (0.1176 dB)
1730-1832 UT 28.5% RH
11/11/90 102.2 901.5 mb 6.76 1.0255 20.7 17.72 102.4
F3 DOY 315 17.3 °C (0.1095 dB)
0300-0800 UT 15.5% RH
12/18/90 102.0 896.1 mb 6.69 1.0256 17.4 17.52 102.5
F3 DOY 352 55°C (0.1099 dB)
1200-1700 UT 31.6% RH
After mirrors and ellipsoid realigned on 91 DOY 018
01/23/91 98.5 895.7 mb 5.97 1.0229 21.3 17.75 99.4
F3 DOY 023 6.3 °C (0.0981 dB)
0400-0500 UT 20.3% RH
01/25/91 98.2 896.1 mb 7.22 1.0276 22.2 17.81 97.9
F3 DOY 025 8.0 °C (0.1181 dB)
0530-0600 UT 33.4% RH
01/30/91 97.1 899.2 mb 5.40 1.0207 20.7 17.72 98.6
F3 DOY 030 41°C (0.0891 dB)
0330-0600 UT 13.8% RH

2 Normalized Top values were computed through the use of Eq. (1).

b Average zenith values during tipping curve tests.

¢ Extrapolated from 3C84 STAR track off source at 83.76 deg elevation.
d From rise-set tipping curve data at 120 and 50 deg azimuth.
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Table 4. Measured and computed zenith atmospheric noise temperatures at Ka-band (32.0 GHz)

Azimuth

Computed Meas. Top(30) Meas.t C ted®
Observation Average P L2, as. Top(30) cas ompute ATatm,
Conﬁg. Angle, Period Weathe Latmzy ati -—-Top(90), Tatms Tatmy K
deg ert € d ratio ratio K K K
10/12/90 894.1 mb 1.0256 1.0932
F1 50.0 DOY 285 22.8 °C (0.1097 dB) (0.387 dB) 8.11 8.92 6.83 2.09
1746-1822 UT 12.1% RH
11/12/90  901.4 mb 1.0270 1.1397
F3 50.0 DOY 316 22.5 °C (0.1158 dB) (0.568 dB) 8.46 9.69 7.22 2.47
2213-2236 UT 13.8% RH
01/17/91 902.8 mb 1.0277 1.1155
F2 120.0 1991 DOY 17 9.8 °C (0.1186 dB) (0.475 dB) 8.92 10.00 7.26 2.69
1730-1800 UT 29.5% RH
01/17/91 902.9 mb 1.0273 1.1155
F2 50.0 1991 DOY 17 10.0 °C (0.1169 dB) (0.475 dB) 9.01 10.10 7.16 2.94
1803-1835 UT 28.0% RH
After mirrors and ellipsoid realigned on 91 DOY 018
01/23/91 898.1 mb 1.0244 1.1226
F3 50.0 1991 DOY 23 93 °C (0.1046 dB) (0.502 dB) 7.12 8.04 6.39 1.65
1705-1748 UT 21.3% RH

2See Eqs. (19) through (21).
bSee Eq. (18).
¢ Computed values obtained from computer program SDSATM7M.BAS.

Table 5. Ka-band test package performance characteristics

Parameter

Performance Achieved

Receive polarization

Receive frequencies

Top for test package on ground at DSS 13,

zenith clear sky

Measured Top resolution for the above Top,

7 = 1 sec, 100 MHz bandwidth

Gain stability over 0 to 40 deg C ambient

temperature range

Total calibration nonlinearity error

Radijo source temp. T measurement
accuracy (T is obtained from a A measurement)

Overall T,p measurement accuracy,® K
10 < Top <150 K

Right circular polarization, left circular polarization

(if reconfigured)

31.865-32.085 GHz determined from laboratory tests

85 K*

< 0.06 K

< 0.2 dB peak-to-peak, < 0.05 dB/hr (thermoelectric

temperature control)

< 2%

4[0.06 + 0.020xT,] K for 2 < Ts < 10K

< 0.8 K peak-to-peak

2 A major part of the total is due to 56.6 K from the HEMT and 17.7 K from

waveguide losses.

b Based on error analysis, calibration errors, and estimated mismatch errors.
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Fig. 1. The new construcled BWES antenno.
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